A monochromic image can be considered as a two-dimensional distribution of a single dye. It is sufficient to know the concentration of the dye at let's say 512 x 512 = 0.25 x lo6 grid points with an accuracy of about 8 bits (a resolution of 256 "gray" scales). Such a picture gives an image of good quality on a TV screen. The resolution of a standard 24 x 36 mm black and white film is still larger and reaches about 10 x 1 O6 picture elements or pixels. In a generalized fashion we can consider any two dimensional recording of a specific physical property as an image. We can talk of "charge" images, of "index of refraction" images or images defined by any other property.
I M A G E STORAGE BY SPECTRAL HOLE-BURNING
A monochromic image can be considered as a two-dimensional distribution of a single dye. It is sufficient to know the concentration of the dye at let's say 512 x 512 = 0.25 x lo6 grid points with an accuracy of about 8 bits (a resolution of 256 "gray" scales). Such a picture gives an image of good quality on a TV screen. The resolution of a standard 24 x 36 mm black and white film is still larger and reaches about 10 x 1 O6 picture elements or pixels. In a generalized fashion we can consider any two dimensional recording of a specific physical property as an image. We can talk of "charge" images, of "index of refraction" images or images defined by any other property.
In order to increase the information density which can be recorded in a single two-dimensional array, more than one "image" can be stored in the same recording material. A color film is the prototype of such a device. A color picture consists of a two-dimensional support which contains three different dyes with absorption maxima at 470 nm, 560 nm, and 660 nm. Three corresponds to the number of different colorsensitive receptors of the human eye. With the three fundamental colors all the existing colors in the visible range can be satisfactorily displayed. The eye lacks, however, the property of spectral resolution.
Clearly, a color film is a light-sensitive device, matched to the properties of the eye, displaying simultaneously three images in the basic colors. The information-content with respect to a single color image is increased by a factor of three, nevertheless, the true spectral properties of the original are not faithfully reproduced. From the standpoint of spectroscopy there is no magic in the number three and one could envision a "super color-film" with more than three colors working on the same principles. Such a film provides much higher information storage density and would also allow the "spectral" properties of the origi- nal scene to be stored in a faithful way. It is known that the trichromatic color vision system of the human eye is surpassed by some animals having a four or five color vision system. It has even been reported that the Manta Shrimp has as many as 10 spectral classes of photoreceptors.
To design a "super color-film" which can store 10 different images at a set of 10 distinct frequencies appears, from the standpoint of a chemist, straightforward. A possible concept of such a film is shown in fig 1. The chemist would be left with the problem of designing dyes which have absorption maxima clearly separated and comparable photochemical and photophysical properties. She/he would probably use a single chromophore, differently substituted, giving slightly different absorption maxima. For non visual purposes it would not be necessary that the range of absorption spans the whole visible absorption spectrum. In a first step, our focus is directed toward the property of high density information storage and for a faithful representation of the spectral Fig.1 . Absorption spectra of dyes. The number properties of the original scene, the relationship be-of dyes with a sharp absorption spectrum detertween the original and the recorded image could be mine the number of images which can be Stored given by a suitable wavelength transformation. As far in a Single sheet of Polymer. It is a challenge to as we know, no "super color-film" has ever been de-try to "synthesize" 106 dyes which absorb at signed according to these concepts. slightly different wavelengths and have similar photochemical and photophysical properties. 
I?
Let us now ask if it is -at least in principle -possible to design a "super color-film'' which has the potential to record chemically a million different images in the same frame. At first such an idea seems outrageous. From the standpoint of chemical synthesis it seems simply impossible to synthesize a set of a million compounds which absorb almost monochromatically at closely spaced positions in a given spectral range. To ask in addition for similar photochemical and photophysical properties seems almost absurd.
Indeed, we will show below that it is pretty simple to produce a system which has the potential of the "million color film" but one is almost hesitant to use the term "synthesis" for the simple two-step procedure necessary to realize such a system.
MOLECULAR AND SUPRAMOLECULAR PHOTOCHEMISTRY
The photochemical reaction which is used in the present work is a simple one and is shown in fig 2. In free base porphyrins the light induced proton transfer is a well known photoreaction. For the nonsymmetric molecule chlorin, initially absorbing at 635 nm, the absorption of the S l t S o of the phototautomer is shifted to 580 nm. This photoreaction is well protected and takes place independently of the molecular environment. No significant sterically hindrance is observed even at very low temperatures.
In low temperature media one has also to consider the solvent shell around the chromophore. Let us start with a molecular dynamics calculation of a "supermolecule" which is formed from the molecule chlorin as chromophore being surrounded by a set of water molecules which simulate the solvent shell. Molecular dynamics allows the study of the motion of the whole "supermolecule". The amount of energy put into the system determines its temperature. The calculation starts with a random arrangement of the solvent shell and the high temperature motion is followed for a given time interval. Then the amount of energy is reduced and a cooling process is initiated. The results of two such calculations are shown in fig 3.
Every single calculation leads to a different microenvironment! The "solvent" molecules can be arranged in many different ways around the chromophore. The energy surface of such a system consists of a flat envelope with a rough surface, a potential which can be compared to an "orange peel". The surface will contain an enormous number of local minima which are only very slightly different. Each of the minima can be associated at low temperature with a stable "supermolecule" if the potential barriers can not be crossed with the available thermal energy. Each of these "supermolecules" will be different and will have a specific geometry. Naturally, many properties of these supermolecules will be slightly different. Each supermolecule will have an individual shape, and what will be of greatest interest here, the interaction of each electronic state of the unperturbed chlorin with the "solvent" shell will be a very specific and individual one. The number of possible supermolecules is almost infinitely large and an accidental realization of two identical molecules can be practically excluded. If we want to study a specific property, such as for instance the transition energy S l t S o , we have to classify the supermolecules according to this specific property. In order to determine the maximum number of classes which can be distinguished by looking at a single property we have to discuss the range this property can span and the resolution with which this property can be determined.
Very 
2.
1.5- How do we synthesize such a multitude of distinguishable supermolecules? We simply follow the ideas outlined in the molecular dynamics calculation. First we dissolve the guest dye in a solvent or in a polymer matrix as a mono-disperse system. The guest molecule and a sufficiently sized solvent shell can be considered as a supermolecule. Upon cooling this solution to a few Kelvin each dye center will thus create such a unique supermolecule.
1-3 . I N H O M O G E N E O U S A N D HOMOGENEOUS LINEWIDTH
Modern techniques, such as fluorescence line narrowing and spectral hole-burning [2], allow one to measure the inhomogeneous and homogeneous bandwidth. Let us follow the synthesis of the supermolecules by total luminescence spectroscopy. In such spectra the emission intensity of a sample is recorded as a function of both the excitation and emission wavelength. In fig 6 the room and low temperature spectra of chlorin in ethanol are compared. At room temperature the total luminescence spectrum is characteristic of a pure compound. The shape of the emission spectra are almost independent of the excitation energy. At low temperature the pattern in the total luminescence spectrum changes dramatically within the range of the S l t S o transition. The spectrum contains fine structure and many features which lie in a diagonal direction. Such a spectrum is not expected for a single pure compound, consisting of molecules with identical properties. It can, however, easily be un- 
. HOLOGRAPHIC IMAGE STORAGE
Combining spectral holeburning and holography [5] has led to frequency and electric field selective image storage [6,7,8] allowing the storage of thousands of images within a single piece of polymer film. In fig. 9 an experimental set-up for holographic image storage is shown. The beam of a tunable single mode dye laser is split into reference and object beams and the sample is exposed to the interference pattern of the two beams. Slides of 50x50 mrn can be inserted into the object beam. The images are focussed on the photocathode of a video camera. During exposure (500pJ/ cm2) the detection system is protected by shutters (Ss..Ss). For retrieval of the images the object shutter is closed and the image information is recorded with the camera. The integrated diffraction efficiency and the transmitted signal are monitored by the photomultipliers PM2 and PMI, respectively. The addressing of the individual images is performed by adjusting the corresponding parameters, "frequency" and "electric field", to the values used during recording. In fig. 10 the transmission spectrum of 2100 spectral holes stored at different laser frequencies is plotted as a function of the read-out frequency and gives a demonstration of the storage capacity of a dye doped polymer film at very low temperatures. The electric field applied to the sample represents a further storage dimension and storage capacity can be increased even more 191. justing the correct experimental parameters used during recording. The superposition of the images can be reconstructed at the frequency, v1 or vp, and the electric field, (El+E2)/2. The results of the image superposition are plotted for a phase difference 0 and n. Constructive interference (phase 0) leads to an increase of the image intensity when the images overlap, the images are added. Destructive interference (phase difference x ) results in a subtraction of the images [10, 11] .Logical operations corresponding to "AND" or "XOR" functions can be derived when appropriate discrimination is applied. In fig 13 a parallel addition using the AND as well as the XOR operations is shown. Each of the 8x8 patterns represents one bit of an array of 64 octal numbers, each encoded by a specific position within the grids. Bright areas symbolize a digital "l", dark areas correspond to "0". The patterns have been transferred to the object beam by means of a liquid crystal display light modulator and were stored in the hole burning material as holograms. The superposition of two images has been performed in the material and the results have been obtained by appropriate thresholding subsequent to the read-out.
Whereas electronic processing of data is based on the properties of electrons in an electric field, the molecular processor introduced here relies on spectroscopic properties of molecules -the behavior of molecular energy levels in an electric field. The molecular system by itself becomes a parallel information processor -a molecular computer. Still being far away even of a prototype the basic properties of a molecular computer have been demonstrated.
We can summarize: 0 a large amount of information can be stored in hole burning materials; 0 holographic techniques are very helpful, allow parallel data storage and retrieval, provide the coherent based on the energy shifts in an electric field logical operations can be performed in the material the basic device consists of a photosensitive polymer cooled down to a few K. Such sheet of polymers no moving parts are involved and nanostructures are directly produced by the holographic method.
properties for processing of the stored information; directly;
can be easily produced and are by far the cheapest part of the apparatus;
